Abstract. Radiation processing of polymers is a well-established and economical commercial method of precisely modifying the properties of polymers. The industrial applications of the radiation processing of plastics and composites include polymerization, cross-linking, degradation and grafting. Radiation processing mainly involves the use of electron beams from electron accelerators. The Thermoplastic Elastomer (TPE) was used in this research and the mechanical properties were investigated at the ambient temperature. Results demonstrate that TPE has higher values of tensile strength with the increased irradiation dose and it has decreased elongation at break. This behaviour leads to the expansion of these materials in the automotive and electrical industry.
Introduction
Polymers rank among a construction materials which find use in industry branches. The advantage of polymers is a low weight together with the excellent mechanical properties, very good chemical resistance and other properties, which assign them for various applications. Disadvantage is mainly low temperature stability which significantly reduces usage of these polymers.
Every property improvement especially temperature stability helps to increase application possibilities. In addition, property modifications of standard polymers, which are relatively cheap products, give them advantage for another usage.
The cross-linking of rubbers and thermoplastic polymers is a well-proven process of the improvement of the thermal properties. The chemical cross-linking or rubber vulcanization is normally induced by the effect of heating after processing with the presence of a curing agent. The cross-linking process for thermosets is very similar. In thermosets the polymer molecules are also chemically linked due to heat after processing. Crosslinked rubbers have a wide-meshed molecular network that keeps them soft and their properties change only slightly on a wide temperature scale. On the other hand, thermosets are characterized by a very narrow-meshed network. Due to this fact they hardly change their high level of stiffness on a wide temperature scale [1] .
Radiation cross-linking with accelerating electrons offers several advantages when compared to other radiation sources, particularly gamma rays and X-rays. The process is very fast, clean and can be controlled with a great deal of precision. In contrast to gamma rays and X-rays the electron beam can be steered relatively easy, thus allowing irradiation of variety of physical shapes.
The large advantage includes flexibility and controllability in operation, beneficial economics, high throughput capability and the ability to switch off the source of radiation [1, 2] . The thermoplastics which are used for production of various types of products have very different properties. The special group of polymers which exhibit elastic behaviour to similar that of vulcanized conventional elastomer and can be processed as thermoplastics (i.e. by melt processing) are called thermoplastic elastomers (TPEs). The most thermoplastic elastomers are essentially phase-separated systems. Usually one phase is hard and solid at ambient temperature whereas the other is an elastomer. Often, the phases are bonded chemically by block or graft polymerization. In other case a fine dispersion of the phases is apparently sufficient. The hard phase gives these TPEs their strength and represents physical crosslinking. Without it the elastomer phase would be free to flow under stress and the polymer would be practically unusable. TPE has good physical properties of elastomers along processing characteristics of thermoplastic [3, 4] .
A team of Indian scientists examined the influence of electron beam technology on blends of polyethylene and ethylene-vinyl acetate copolymer. These scientists discovered that tensile strength and E-modulus increased while elongation at the break initially increased followed by decrease with increase in the radiation dose at the constant monomer level and blend ratio [4] . López-Quintana from Spain and his colleagues investigated the effect of beta radiation on mechanical properties of metallocene elastomers/PA 6 blends and they found out that TPE with excellent mechanical properties and thermal stability can be obtained by beta irradiation technology [5] . In Indian institute of technology was examined the effect of electron beam irradiation on silicafilled LDPE-EVA based thermoplastic elastomer. They discovered that all filled TPE system represented rise of E-modulus with increase in radiation dose and that rise of E-modulus with the increase in radiation dose is attributed to radiation cross-linking of the silica-filled TPE system [6] .
This research paper deals with a possibility of using radiation cross-linked TPE as a suitable material for pipes in automotive industry, especially from point of view mechanical testing and temperature stability.
Experimental
As the basic polymer material was used thermoplastic elastomer (TPE, V-PTS-UNIFLEX-E25D/M*M800/20 natur). An ARBURG Allrounder 420C Advance Injection molding machine was used for sample preparation, with the processing conditional to comply with the TPE producer's recommendations.
Irradiation of tested TPE was performed with the kind help of BGS Germany, in the BGS Wiehl plant using accelerated electrons with a dosage range of 0 to 198kGy. Samples with the dosage of irradiation higher than 99 kGy were exposed temperature 200°C during one hour and then these samples were cooled spontaneously to ambient temperature.
Mechanical properties before and after temperature load and temperature stability of irradiated thermoplastic elastomer after irradiation has been tested. The thermomechanical properties were measured. Perkin -Elmer Thermal Analyser TMA7 was used for the thermomechanical analysis, heated from 50°C to 400°C at 20°C/min, hold for 1 min at 50°C. The tensile behaviour of temperature non-loaded and loaded samples of TPE were measured at the ambient temperature. Tensile test was carried out on tensile test machine ZWICK 1456 for TPE according to standard CSN EN ISO 527-1, 527-2 with used rate 50 mm/min. Test data was processed by Test Expert Standard software and tensile strength [MPa] and elongation at break [%] were determined. The test of hardness was measured using a HPE -A Berreiss hardness tester type, Shore A method. The shape and dimensions of the testing samples were according to the CSN 621431 standards.
Results and discussion

Temperature stability
Temperature stability of polymers is very low in comparison with other construction materials. Experiments done in this project show that irradiation cross-linking markedly affects the temperature stability of studied TPE. The higher is the dose of irradiation the best is temperature stability of this polymers.
Irradiation affects the thermomechanical properties of the studied TPE (Figure 2) . Already small dose of radiation (up to 33 kGy) move the softening point up to 210°C. TPE irradiated by the dose of 198 kGy evinces the significant improvement of the temperature stability. Irradiation TPE with the dose 198 kGy holds temperature stability up to 360°C for short time. The temperature stability of TPE was measured. The temperature stability was evaluated by visual observation in the temperature chamber. The visual observation of sample behaviour after two hours exposition at 200 °C is given on Figure 3 . Specimens are fitted horizontally in the temperature chamber and loaded by the bending moment both form its own weight and the weight on the end of specimen. Specimen deformation is decreasing with increasing dose of radiation at elevated temperature (Figure 3) . At 200 °C the specimen from not irradiated TPE is totally melted while the polymer irradiated by the dose of 198 kGy keeps its cross-section without changes, there is only deformation by its own weight. The surface quality worsens. On another pictures ( Figure 6 and Figure 7) there are depicted similar changes of surface quality after 15 and 60 minutes. However, irradiated TPE with the dose 198 kGy after 1 hour at 200 °C has smoother surface than irradiated TPE by 99 kGy. It can be caused higher degree of cross-linking bonds.
Tensile behaviour
The tensile behaviour of TPE, before and after irradiation, was studied. For easier of evaluation of the measured data, and the comparison of the irradiated polymer with a non-irradiated one, the changes of measured were used on some graphs. The property of the non-irradiated polymer had the value of 100 %, while others were expressed in % as the ratio of measured property of irradiated polymers to the same property of non-irradiated polymer.
The tensile strength rises more than 40 % after irradiation with the dose of 66 kGy (Figure 9 ). Although the gel content (Figure 8 ) rises with the dose of irradiation the tensile strength goes down with the dose higher than 66 kGy. Then with the dose of 132 kGy and higher the value of tensile strength oscillates around the value of not irradiated polymer. From the point of view of tensile strength the dose of irradiation of 66 kGy looks to be optimal. Tensile strength of TPE after temperature load with increasing dose of irradiation decreases. However, the value of tensile strength is about 2 MPa lover in comparison with temperature non-loaded TPE which was irradiated by 99 kGy.
Elongation at break of TPE goes down continually with the dose of irradiation. By the highest applied dose of irradiation (198 kGy) the elongation is only 22 % of former (non-irradiated) polymer before temperature load. Due to irradiation of the studied TPE loses significantly its flexibility (Figure 10 ). After temperature load there is the same tendency as before temperature load. 
Hardness
Change of Shore A hardness is showed on the Figure 11 . Shore A hardness rises with increasing dose of irradiation up to 66 kGy then decreases slowly along irradiation. 
Summary
Plastics are by far the largest group of polymeric materials being processed by electron beam irradiation. Cross-linking of polyolefins, PVC, polyesters, polyurethanes, polyamides, fluoropolymers and fiberreinforced composites are a common practice. Radiation cross-linking of polyamides requires considerably less overall energy and space, and is faster, more efficient and more environmentally acceptable. The disadvantage of electron beam cross-linking is a more or less nonuniform dose distribution. This can happen, particularly in thicker objects, due to intrinsic dose-depth profiles of electron beams. Another problem can be a nonuniformity of rotation of cylindrical objects as they traverse a scanned electron beam. However, the mechanical properties often depend on the mean cross-link density.
Results of the measurements of TPE after irradiation show significant changes of mechanical and thermomechanical properties. Tensile strength rises of 40 % after irradiation by the dose of 66 kGy. Elongation at break is going down gradually with the dose of irradiation. The lowest value of elongation at break was registered after irradiation by the dose of 198 kGy and reaches only 25 % of elongation of non-irradiated polymer. Very important is improvement of temperature stability of TPE after irradiation. Tested polymer irradiated by the dose of 198 kGy shows no dimensional changes even by the temperature of 200 °C. This significantly moves application possibilities of TPE to area with service temperature much higher than former melting point of tested polymers.
